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NUCLEIC ACID ENZYME LIGATION SENSOR 
Federally Sponsored Research Or Development 

[001] This subject matter of this application may have been funded in part 

under the following research grants and contracts: DOE Grant No. DEFG02-01- 
ER63179, NSF CTS-0120978, NSF DMR-01 17792, and HUD ILLTS0097-03. The 
U.S. Government may have rights in this invention. 

Background 

[002] The ability to determine the presence of an analyte in a sample is of 

significant benefit. For example, many metals and metal ions, such as lead, 
mercury, cadmium, chromium, and arsenic, pose significant health risks when 
present in drinking water supplies. To prevent the contamination of drinking and 
other water supplies, it is common to test industrial waste-streams before their 
release to the water treatment plant. For example, waste-streams from metal plating 
operations routinely contain undesirable or biologically harmful concentrations of 
copper and zinc. Biological fluids, such as blood and those originating from body 
tissues, also may be tested for a variety of analytes to determine if the body has been 
exposed to harmful agents or if a disease state exists. For example, recently there 
has been the need to detect trace amounts of anthrax and other biologically harmful 
agents in a variety of samples. 

[003] Colorimetric sensor systems are commonly used for the detection of 

metals and ions in soil, water, waste-streams, biological samples, body fluids, and 
the like. In relation to instrument based methods of analysis, such as atomic 
absorption spectroscopy, colorimetric methods tend to be rapid and require little in 
the way of equipment or user sophistication. For example, colorimetric sensors are 
available to aquarists that turn darker shades of pink when added to aqueous 
samples containing increasing concentrations of the nitrate (NO3') ion. In this 
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manner, colorimetric sensors show that the analyte of interest, such as nitrate, is 
present in the sample and also may provide an indicator of the amount of analyte in 
the sample through the specific hue of color generated. 

[004] While colorimetric sensor systems are extremely useful, they only exist 

for a limited set of analytes, often cannot detect very small or trace amounts of the 
analyte, and depending on the nature of the sample, can generate unacceptable 
levels of false positive or negative results. False positives occur when the 
colorimetric reagents produce the color associated with the presence of an analyte 
when the analyte is not present, while false negatives occur when the analyte of 
interest is present in the sample, but the expected color is not produced. False 
positives are often the result of constituents in the sample that the colorimetric test 
cannot distinguish from the analyte of interest. Related to false positives are 
background levels of color change not associated with the analyte of interest. These 
background co\or changes reduce the sensitivity of the sensor system to the analyte. 
Thus, for the sensor to detect the analyte, enough of the analyte must be present in 
the sample to distinguish the color change response to the analyte from that 
associated with the background. 

[005] As can be seen from the above description, there is an ongoing need 

for colorimetric tests that can identify trace amounts of a broader scope of analytes. 
Furthermore, colorimetric tests having a lower incidence of false positives and 
increased sensitivity also would provide significant benefit. 

Summary 

[006] In one aspect of the invention, a sensor system is disclosed that 

includes a ligase, a plurality of substrate fragments, and first particles. The substrate 
fragments may include first polynucleotides and the first particles may include 

second polynucleotides that are coupled to the first particles. The first 
polynucleotides may be at least partially complementary to the second 
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polynucleotides. At least two of the substrate fragments may undergo ligation in the 
presence of the analyte. The sensor system also may include second particles that 
include third polynucleotides that are at least partially complementary to the fourth 
polynucleotides. 

[007] In another aspect of the invention, a method of detecting an analyte is 

disclosed that includes combining a sample and a plurality of substrate fragments 
with first particles to detect a color change responsive to the analyte. The plurality 
of substrate fragments includes first polynucleotides that are at least partially 
complementary to the second polynucleotides and the first particles include second 
polynucleotides coupled to the first particles. At least two of the substrate fragments 
undergo ligation in the presence of the analyte. 

[008] In another aspect of the invention, a kit for detecting an analyte is 

disclosed that includes a first container containing a system for forming aggregates. 
The system includes a plurality of substrate fragments where at least two of the 
fragments of the plurality undergo ligation in the presence of the analyte. Also 
included in the system are first particles 

[009] In order to provide a clear and consistent understanding of the 

specification and claims, the following definitions are provided. 

[0010] The term "sample" or "test sample" Is defined as a composition that will 

be subjected to analysis that is suspected of containing the analyte of interest. 
Typically, a sample for analysis is in a liquid form, and preferably the sample is an 
aqueous mixture. A sample may be from any source, such as an industrial sample from 
a waste-stream or a biological sample, such as blood, urine, or saliva. A sample may be 
a derivative of an industrial or biological sample, such as an extract, a dilution, a filtrate, 
or a reconstituted precipitate. 
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[0011] The term "analyte'' is defined as one or more substance potentially 

present in the sample. The analysis process determines the presence, quantity, or 
concentration of the analyte present in the sample. 

[0012] The term "colorimetric" is defined as an analysis process where the 

reagent or reagents constituting the sensor system produce a color change in the 
presence or absence of an analyte. 

[0013] The term "sensitivity" refers to the lower concentration limit at which a 

sensor system can detect an analyte. Thus, the more sensitive a sensor system is to an 
analyte, the better the system is at detecting lower concentrations of the analyte. 

[0014] The term "selectivity" refers to the ability of the sensor system to detect 

the desired analyte in the presence of other species. 

[0015] The term "hybridization" refers to the ability of a first polynucleotide to 

form at least one hydrogen bond with at least one second nucleotide under low 
stringency conditions. 

[0016] The term "ligase" refers to a moiety capable of joining two or more 

substrate fragments. For example, ligases may include nucleic acid enzymes, protein 
enzymes, small molecule mimics of ligase enzymes, and the like. 

Brief Description Of The Drawings 

[0017] The invention can be better understood with reference to the following 

drawings and description. The components in the figures are not necessarily to 
scale and are not intended to accurately represent molecules or their interactions, 
emphasis instead being placed upon illustrating the principles of the invention. 

[0018] FIG. 1 represents a colorimetric analytic method of determining the 
presence and optionally the concentration of an analyte in a sample. 



-4- 



wo 2006/078660 



PCT/US2006/001627 



[0019] FIG. 2A represents a DNAzyme that depends on Zn(ll) and/or Cu(ll) as 

a co-factor to display catalytic activity. 

[0020] FIG. 2B represents a DNA aptazyme that was fornned from a 

DNAzyme through replacement of the hairpin structure by an aptamer motif that 
selectively binds adenosine. 

[0021] FIG, 2C is a graph depicting ligation as a function of time in the 

presence of the aptamer target for the DNA aptazyme depicted in FIG. 2B. 

[0022] FIG. 3A represents the ligation of substrate fragments to form a ligation 

product by a DNAzyme. 

[0023] FIG. 3B represents the ligation of substrate fragments to form a ligation 

product by a DNA aptazyme. 

[0024] FIG. 3C represents the formation of a ligation product by a DNAzyme 

and an aggregate in the presence of Zn(ll) and Cu(ll) analytes. 

[0025] FIG. 4 A is a graph showing that the fraction of substrate fragments 

ligated increased with time in the presence of 1 mM of Zn(ll). 

[0026] FIG. 4B shows the time-dependent change of ligated and uniigated 

substrate fragments in the presence of 0.1 mM of Cu(ll) and 1 mM of Zn(ll). 

[0027] FIG. 5A is a graph showing the extinction peaks for oligonucleotide 

functionalized gold nanoparticles in the presence (dashed line) or absence (solid 
line) of a ligation product 

[0028] FIG. 5B is a graph showing the extinction coefficients at 260 nm of the 
aggregated nanoparticles as temperature is increased. 
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[0029] FIG. 6 is a graph depicting the change in extinction ratios for 
oligonucleotide functional ized gold nanoparticles for various concentrations of 
Cu(ll) and Zn(ll). 

[0030] FIG. 7A is a graph depicting the extinction ratios for Cu(ll), Zn(ll), 

Mn(!l), Co(ll), Ni(ll), Ca(ll), Pb(ll), and Cd(ll) at the 0.01, 0.1, and 1 nnM solution 
concentrations. 

[0031] FIG. 7B depicts the extinction ratios for a sample containing a mixture 
of metal ions. 

Detailed Description 

[0032] In related applications, such as U.S. Ser. No. 10/144,679, filed May 

10, 2002, entitled "Simple catalytic DNA biosensors for ions based on color 
changes," colorimetric sensors were disclosed that utilized a Nucleic Acid Enzyme 
(NAE) to cleave a substrate, thus providing for the disaggregation of an aggregate. 
In these prior sensor systems, a sample was added to a DNAzyme/Substrate/particle 
aggregate, where the substrate was cleaved if the sample included the analyte. The 
resultant disaggregation brought about a color change that signified the presence of 
the analyte. 

[0033] False positives are possible for this and other cleavage-based sensors 
due to cleavage occurring without the presence of the analyte. Such undesired 
cleavage without the analyte may be referred to as background cleavage and may 
reduce the sensitivity of the sensor by providing color change that is not responsive 
to the concentration of the analyte. 

[0034] The present invention makes use of the discovery that by replacing the 

NAE capable of cleaving a substrate with a ligase capable of joining two substrate 
fragments (ligation) the disadvantage of undesired background cleavage may be 
reduced. In this manner, the sensitivity of the present sensor to the one or more 
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analytes may be improved through a reduction in the background color change. 
Thus, a colorimetric sensor is provided that undergoes the desired color change in 
response to an analyte at room temperature with reduced background ligation. 

[0035] FIG. 1 represents a colorimetric analytic method 100 of determining 

the presence and optionally the concentration of an analyte 105 in a sample 102 
(not shown). In 110, the analyte 105 for which the method 100 will determine the 
presence/concentration of is selected. 

[0036] In one aspect, the analyte 105 may be any ion that can serve as a co- 

factor for a ligation reaction, as discussed further below. Preferable monovalent 
metal ions having a ^1 formal oxidation state (I) include Li(l), TI(I), and Ag(l). 
Preferable divalent metal ions having a ""2 formal oxidation state (II) include Mg(ll), 
Ca(ll), Mn(ll), Co(ll), N((ll), Zn(ll), Cd(ll), Cu(ll), Pb(ll), Hg(ll), Pt(ll), Ra(ll), Sr(ll), Ni(ll), 
and Ba(ll). Preferable trivalent and higher metal ions having "^3 (III), "^4 (IV), "^5 (V), 
or -^6 (VI) formal oxidation states include Co(lll), Cr(lll), Ce(IV), As(V), U(VI), Cr(VI), 
and lanthanide ions. More preferred analyte ions include Zn(ll), Cu(ll), Ag(l), Pb(ll), 
Hg(ll), U(VI), and Cr(VI) due to the desire to eliminate these ions from water 
supplies. At present, especially preferred analyte ion are Zn(ll) and Cu(ll). 

[0037] The analyte 105 also may be in the form of metal ions or non-metal 

ions and other molecules that bind with a specific aptamer motif, such as K(l), Zn(ll), 
Ni(ll), organic dyes, biotin, theophylline, adenine, dopamine, amino acids, 
nucleosides/nucleotides, RNA, biological co-factors, amino-glycosides, 
oligosaccharides, polysaccharides, peptides, enzymes, growth factors, transcription 
factors, antibodies, gene regulatory factors, cell adhesion molecules, cells, viral 
components, bacterial components, NH4'', spermine, spermidine, adenosine, HIV, 
HIV proteins, HIV-derived molecules, anthrax, anthrax-derived molecules, small 
pox, small pox-derived molecules, nitrogen fertilizers, pesticides, dioxins, phenols, 
2,4-dichlorophenoxyacetic acid, nerve gases, TNT, DNT, glucose, insulin. 
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hCG-hormone, and drugs, including antibiotics or controlled substances such as 
cocaine. 

[0038] Once the analyte 105 is selected in 110, in 120 directed evolution 122 
may be performed to isolate nucleic acid enzymes, such as DNAzyme 124, 
RNAzyme 126, or aptazyme 125, which will catalyze ligation of substrate strands 
133 and 135 In the presence of the analyte. The directed evolution 122 is 
preferably a type of in vitro selection method that selects molecules on the basis of 
their ability to interact with another constituent. Thus, the procedure of the directed 
evolution 122 may be selected to provide the nucleic acid enzymes that 
demonstrate enhanced ligation of the substrate fragments in the presence of the 
selected analyte 105 (thereby providing sensor sensitivity). The procedure also may 
be selected to exclude nucleic acid enzymes that demonstrate ligation in the 
presence of selected analytes, but additionally demonstrate ligation in the presence 
of non-selected analytes and/or other species present in the sample 102 (thereby 
providing sensor selectivity). 

[0039] The directed evolution 122 may be any selection routine that provides 
nucleic acid enzymes that will catalyze the ligation of the substrate fragments in the 
presence of the desired analyte with the desired sensitivity and selectivity. Similarly, 
the directed evolution 122 may be utilized to identify aptamers that bind a selected 
analyte. 

[0040] In one aspect, the directed evolution 122 may be initiated with a DNA 
library that includes a large collection of strands (e.g. 10^^ sequence variants), each 
having a different variation of bases. Phosphoramidite chemistry may be utilized to 
generate the strands. The DNA library is then screened for strands that bind the 
analyte. These strands are isolated and amplified, such as by PGR. The amplified 
strands may then be mutated to reintroduce variation. These strands are then 
screened for strands that more effectively bind the analyte. By repeating the 
selection, amplification, and mutation sequence while increasing the amount of 
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binding efficiency required for selection, strands that more effectively bind the 
analyte, thus providing greater sensitivity, may be generated, 

[0041] In one aspect, a technique referred to as in vitro selection and 

evolution may be utilized to perform the directed evolution 122. Details regarding 
this technique may be found in Breaker, R., et al., "A DNA enzyme with Mg^+- 
dependent RNA phosphoesterase activity./ Chem. Biol. 1995, 2:655-660; in Li, }., 
et al., "In Vitro Selection and Characterization of a Highly Efficient Zn(ll)-dependent 
RNA-cleaving Deoxyribozyme.," Nucleic Acids Res. 28, 481-488 (2000); and in 
Cuenoud, B. et al., "A DNA Metalloenzyme with DNA Ligase Activity.," Nature, 
375, 611-614 (1995). 

[0042] In another aspect, nucleic acid enzymes having greater selectivity to a 

specific analyte may be obtained by introducing a negative selection process into 
the directed evolution 122. After selecting the strands having high sensitivity to the 
analyte, a similar selection, amplification, and mutation sequence may be applied, 
but to be selected, the strand must not bind closely related analytes. 

[0043] For example, a DNAzyme may be selected that specifically binds 
Cu(ll) and to a lesser extent Zn(ll), while not significantly binding Mn(ll), Ca(ll), 
Co(ll), or other competing metal ions. In one aspect, this may be achieved by 
isolating DNAzymes that bind Zn(ll) and Cu(ll), then removing any DNAzymes that 
bind Mn(ll), Ca(ll), or Co(ll). In another aspect, DNAzymes that bind Mn(ll), Ca(ll), 
or Co(ll) are first discarded and then those that bind Zn(ll) and Cu(M) are isolated. 
In this manner, the selectivity of the DNAzyme may be increased. Details regarding 
one method to increase DNAzyme selectivity may be found in Bruesehoff, P.J., et 
a/., "Improving Metal Ion Specificity During In Vitro Selection of Catalytic DNA," 
Combinatorial Chemistry and High Throughput Screening, 5, 327-355 (2002). 

[0044] DNA or RNA aptazymes may be obtained by known techniques 

including in vitro selection and rational design. An example of an in vitro selection 
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process for cGMP or cAMP-dependent RNA-cleaving aptazymes may be found in 
Koizumi, M., et al., "Allosteric selection of ribozymes that respond to the second 
messengers cGMP and cAMP." Nat. Struct. Biol., 6(11), 1062-71 (1999). An 
example of a rational design process for an ATP-dependent DNA-ligating aptazyme 
may be found In Levy, M., et al., WP-Dependent Allosteric DNA Enzymes." Chem. 
Biol., 9,417-26, (2002). 

[0045] The DNA-RNAzymes 124, 126 and the DNA-RNA aptazyme 125 are 
nucleic acid enzymes having the ability to catalyze chemical reactions, such as 
ligation, in the presence of a co-factor. The DNAzyme 124 includes 
deoxyribonucleotides, while the RNAzyme 126 includes ribonucleotides. The 
DNA-RNA aptazyme 125 may include a DNA-RNAzyme modified with an aptamer 
motif to form an aptazyme requiring an aptamer target to catalyze ligation. The 
nucleotides from which the DNA-RNAzyme-aptazyme 124, 125, 126 are formed 
may be natural, unnatural, or modified nucleic acids. Peptide nucleic acids (PNAs), 
which include a polyamide backbone and nucleoside bases (available from 
Biosearch, Inc., Bedford, MA, for example), also may be useful. 

[0046] While DNAzymes, RNAzymes, and aptazymes derived from either can 

form duplexes with DNA-based substrate fragments, such as the substrate fragments 
133 and 135 discussed below, the RNAzyme/Substrate duplex may be less stable 
than the DNAzyme/Substrate duplex. Additionally, DNAzymes and their aptazyme 
derivatives are easier to synthesize and more robust than their RNA-based 
counterparts. 

[0047] The deoxyribonulceotides of the DNAzyme 124, DNA-based 
aptazymes and the complementary substrate strand fragments 133 and 135 may be 
substituted with their corresponding ribonucleotides, thus providing the RNAzyme 
126, RNA-based aptazymes, and an RNA-based substrate fragments, respectively. 
For example, one or more ribo-cytosines may be substituted for the cytoslnes, one or 
more ribo-guanines may be substituted for the guanines, one or more ribo- 
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adenosines may be substituted for the adenosines, and one or more uracils may be 
substituted for the thymines. In this manner, nucleic acid enzymes including DNA 
bases, RNA bases, or both may independently hybridize with complementary 
substrate strands that include DNA bases, RNA bases, or both. 

[0048] After selecting an appropriate nucleic acid enzyme or enzymes in 120, 
a substrate 134 may be formed in a test sample 102 in 130. The substrate fragments 
133 and 135 may be any oligonucleotides that may hybridize with and be ligated by 
the nucleic acid enzyme in the presence of the analyte 105. The oligonucleotides 
may be modified with any species capable of undergoing a ligation reaction in the 
presence of the nucleic acid enzyme. If the substrate 134 is released from the 
nucleic acid enzyme, the nucleic acid enzyme can react with additional substrate 
fragments 133, 135 to form additional substrates. In this manner, the nucleic acid 
enzyme may be catalytic. 

[0049] To facilitate the release of the substrate 134 from the nucleic acid 

enzyme, one or more invasive DNA fragments may be added. In one aspect, an 
invasive DNA strand may be added that is partially complementary to the nucleic 
acid enzyme. For a more complete discussion of invasive DNA and how to tailor 
invasive DNA strands to facilitate the removal of a substrate from a nucleic acid 
enzyme, see Atny. Docket No. ELG05-051-US, filed November 3, 2004, entitled 
"Nucleic Acid Enzyme Light-Up Sensor Utilizing Invasive DNA," the portions 
addressing invasive DNA are incorporated herein by reference. 

[0050] In one aspect, the resultant substrate 134 is complementary to and may 
hybridize with oligonucleotide functionalized particles 136. For example, if an 
oligonucleotide functionalized particle had a base sequence of 
3'-TTCGTAGAGTTCG (SEQ ID NO. 6), an appropriate substrate fragment sequence 
for hybridization may be 5'-AAGCATCTCAAGC (SEQ ID NO, 3). In another aspect, 
if an oligonucleotide functionalized particle had a base sequence of 
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5'-CGGATAGTGTTCC (SEQ ID NO. 5), an appropriate substrate fragment sequence 
for hybridization may be 3'-GCCTATCACAAGG (SEQ ID NO. 4). 

[0051] The particles 136 may be any species that demonstrate distance- 
dependent optical, electrical, or magnetic properties and are compatible with the 
operation of the sensor system. Suitable particles may include inorganic materials. 
In one aspect, the particles may include metals, such as gold, silver, copper, and 
platinum; semiconductors, such as CdSe, CdS, and CdS or CdSe coated with ZnS; 
and magnetic colloidal materials, such as those described in Josephson, Lee, et aL, 
Angewandte Chemie, International Edition (2001), 40(1 7), 3204-3206. Specific 
useful particles may include ZnS, ZnO, Ti02, Agl, AgBr, Hgb, PbS, PbSe, ZnTe, 
CdTe, ln2S3, ln2Se3, Cd3P2, Cd3As2, InAs, or GaAs. While gold nanoparticles are 
presently preferred, other fluorophores, such as dyes, inorganic crystals, quantum 
dots, and the like that undergo a distance-dependent color change also may be 
attached to oligonucleotides and utilized. For a more detailed treatment of how to 
prepare gold functional ized oligonucleotides, See U.S. P. No. 6,361,944; Mirkin, et 
al., Nature (London) 382, 607-09 (1996),; Storhoff, et al., /. Am. Chem. Soc, 20, 
1959-64 (1998); and Storhoff, et aL, Chem. Rev. (Washington, D. C;, 99, 1849-62 
(1999), 

[0052] In a preferred aspect, the particles are gold (Au) nanoparticles and have 
an average diameter from 5 to 1 00 nanometers (nm) or from 25 to 75 nm. In an 
aspect especially preferred at present, gold nanoparticles having an average 
diameter of from 45 to 55 nm are functional ized to the oligonucleotides. Because 
extinction coefficients increase with average particle diameter, larger particles are 
easier to observe with the naked eye at lower concentrations. Thus, larger particles 
can provide for increased sensitivity of the senor system in relation to smaller 
particles. For example, 50 nm particles may be observed in solution at 
concentrations of 0.1 nM, while smaller 13 nm particles are difficult to observe 
below a solution concentration of 0.5 nM. 



-12- 



wo 2006/078660 



PCT/US2006/001627 



[0053] In 140 the substrate 134 from 130 may be combined with the 
oligonucleotide functionalized particles 136. If the substrate 134 formed from the 
substrate fragments 133 and 135 in 130, an aggregate 132 may be formed as the 
particles 136 hybridize with the substrate 134. Thus, as the particles 136 are 
brought close together through hybridization with the substrate 134, the aggregate 
132 forms. Considering the physical size of its components, the aggregate 132 may 
be quite large. In fact, transmission electron microscopy (TEM) studies suggest that 
individual aggregates may range from ICQ nm to 1 micron, and may agglomerate to 
form larger structures. 

[0054] Because the particles 136 demonstrate distance-dependent optical 
properties, the particles are one color when dispersed in the solution of the test 
sample 102 and undergo a color change when closely held in the aggregate 132 by 
the substrate 134. For example, when the particles 136 include gold nanoparticles, 
the resulting aqueous test sample turns from red to blue as the particles are brought 
close together by the substrate 134 to form the aggregate 132. The distance 
between the particles 136 upon hybridization to the substrate 134 may be selected 
by tailoring the length of the substrate fragments 133, 135. 

[0055] In 150 the sample 102 is monitored for a color change. If a color 

change does not occur, the aggregate 132 was not formed and the analyte 105 is not 
present in the sample 102. If a color change does occur in 160, the aggregate 132 
was formed and the analyte 105 is present in the sample 102. The color change 
signifies that the analyte 105 is an appropriate co-factor to catalyze ligation of the 
substrate fragments 133 and 135 into the substrate 134, which may then hybridize 
with the oligonucleotide functionalized particles 136. Thus, the analytic method 
100 provides a "light-up" sensor system because a color change occurs in the 
presence of the analyte 105. 
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[0056] The degree the color changes in response to the analyte 105 nnay be 
quantified by colorinnetric quantification nriethods known to those of ordinary skill in 
the art in 170. Various color connparator wheels, such as those available from Hach 
Co., Loveiand, CO or LaMotte Co., Chestertown, MD nnay be adapted for use with 
the present invention. Standard samples containing known amounts of the selected 
analyte may be analyzed in addition to the test sample to increase the accuracy of 
the comparison. If higher precision is desired, various types of spectrophotometers 
may be used to plot a Beer's curve in the desired concentration range. The color of 
the test sample may then be compared with the curve, and the concentration of the 
analyte present in the test sample determined. Suitable spectrophotometers include 
the Hewlett-Packard 8453 and the Bausch & Lomb Spec-20. 

[00571 In yet another aspect, the method 100 may be modified to determine 
the sensitivity and selectivity of a ligase, such as a nucleic acid enzyme, for 
detecting the analyte 105. In this aspect, the substrate fragments 133, 135 are 
extended for at least 12 bases, so that the extension can hybridize with the particles 
137, 139. Thus, the extended substrates and the particles 137, 139 may be 
combined with the analyte of interest 105, but without the DNA-RNAzymes- 
aptazymes 124, 126, 125 in 120. The ligase, such as one created by the directed 
evolution 122, may then be added. If the ligase joins the substrate fragments 133, 
135 with the desired sensitivity and selectivity in the presence of the analyte 105 to 
form the substrate 134 and the associated aggregate 132, the ligase may be used to 
analyze for the analyte 105 in a colorimetric sensor system. In this aspect, the ligase 
or nucleic acid enzyme also may be considered an analyte. In this manner, multiple 
ligases generated from the directed evolution 122 may be tested for use in a 
colorimetric sensor system. 

[0058] FIG. 2A represents a DNAzyme 224 that depends on Cu(ll) and/or 
Zn(ll) as a co-factor to display catalytic activity. The figure depicts what is believed 
to be the secondary structure of the DNAzyme 224. The synthesis and detailed 
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description of the DNAzyme 224 may be found in Cuenoud, et al., "A DNA 
Metalloenzyme with DNA Ligase Activity/" Nature, 375, 611-14 (1995). 

[0059] FIG. 2B represents a DNA aptazyme 225 that was formed from the 

DNAzyme 224 by replacing the hairpin structure of the DNAzyme 224 by an 
aptamer motif 223. Unlike the DNAzyme 224 of FIG. 2A, which may only require 
the Zn(ll) and/or Cu(ll) co-factor to catalyze ligation, the DNA aptazyme 225 of 
FIG. 2B may additionally require a specific aptamer target, such as adenosine, to 
catalyze ligation. 

[0060] By providing an aptazyme sensor system with the required co-factor 

from the outset, the sensor system becomes responsive to analytes in the form of 
aptamer targets instead of co-factors. This behavior of the aptamer-modified DNA 
aptazyme 225 is shown in FIG. 2C, where in the presence of the Zn(ll) co-factor, but 
in the absence of the adenosine target, ligation could not be detected. Thus, when 
provided with the appropriate co-factor, a DNA aptazyme catalyzes ligation in the 
presence of the aptamer target. 

[0061] The DNA aptazyme 225 catalyzes ligation in the presence of a 
co-factor and adenosine by utilizing an aptamer motif that selectively binds 
adenosine. However, DNA aptazymes may be similarly designed relying on 
aptamer motifs that selectively bind other analytes. Table 1 below lists specific 
analytes, the aptamer motif or motifs that bind that analyte as a target, and the 
reference or references where each aptamer motif sequence is described. Any of 
these, and other, aptamers motifs may be adapted for use in the DNA aptazyme 
125. 
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[0062] 



Analyte class Example Aptamer Motif Sequence (SEQ ID NO.) Ref 

Metal ions K(l) GGGTTAGGGTTAGGGTTAGGG 1 

(SEQ ID NO. 7) 

Zn(ll) AGGCGAGGUGAAAUGAGCGGUAAU 2 

AGCCU 
(SEQ ID NO. 8) 

Ni(ll) GGGAGAGGAUACUACACGUGAUAG 3 

UCAGGGAACAUGACAAACACAGGG 
ACUUGCGAAAAUCAGUGUUUUGCC 
AUUGCAUGUAGCAG AAGCUUCCG 
(SEQ ID NO. 9) 

Organic dyes Cibacron blue GGGAGAATTCCCGCGGCAGAAGCCC 4 

ACCTGGCTTTGAACTCTATGTTATTGG 
GTGGGGGAAACTTAAGAAAACTACC 
ACCCTTCAAC ATTACCG CCCTTC AG CC 
TGCCAGCGCCCTGCAGCCCGGGAAG 
CTT 

(SEQ ID NO. 10) 
Malachite green GGAUCCCGACUGGCGAGAGCCAGG 5 

UAACGA AUGGAUCC 

(SEQ ID NO. 11) 
Sulforhodamine B CCGGCCAAGGGTGGGAGGGAGGGG 6 

GCCGG 

(SEQ ID NO. 12) 

Small organic Biotin AUGGCACCGACCAUAGGCUCGGGU 7 

molecu les UGCCAG AGG U UCCACACU U UCAUC 

GAAAAGCCUAUGC 

(SEQ ID NO. 13) 
Theophylline GGCGAUACCAGCCGAAAGGCCCUU 8 

GGCAGCGUC 

(SEQ ID NO. 14) 
Adenine GAUAGGACGAUUAUCGAAAAUCAC 9 

CAG AU UGG ACCCUGG U U AACG AUG 

CAUU 
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Analyte class Example 



Cocaine 



Dopamine 



Amino acids Arginine 



Citrulline 



Nucleosides& ATP 
nucleotides 

cAMP 



GTP 



Guanosine 



RNA 



TAR-RNA 



Biological 
cof actors 



CoA 



Aptamer Motif Sequence (SEQ ID NO.) Ref 
(SEQIDNO. 15) 

GACAAGGAAAATCCTTCAATGAAGTG 10 
GGTC 

(SEQ ID NO. 16) 

GGGAAUUCCGCGUGUGCGCCGCG 11 
GAAGAGGGAAUAUAGAGGCCAGCA 
CAUAG UG AGGCCCUCCUCCC 
(SEQ ID NO. 17) 

GGGAGCUCAGAAUAAACGCUCAAG 12 
GAGGACCGUGCACUCCUCGAACAU 
UUCGAGAUGAGACACGGAUCCUGC 
(SEQ ID NO. 18) 

GACGAGAAGGAGUGCUGGUUAUAC 13 
UAGCGGUUAGGUCACUCGUC 

(SEQ ID NO. 19) 

ACCTGGGGGAGTATTGCGGAGGAAG 14 
GT 

(SEQ ID NO. 20) 

GGAAGAGAUGGCGACUAAAACGAC 1 5 

UUGUCGC 

(SEQ ID NO. 21) 

UCUAGCAGUUCAGGUAACCACGUA 16 

AGAUACGGGUCUAGA 

(SEQ ID NO. 22) 

GGGAGCUCAGAAUAAACGCUCAAC 1 7 

CCGACAGAUCGGCAACGCCNUGUU 

UUCGACANGAGACACCGAUCCUGC 

ACCAAAGCUUCC 

(SEQ ID NO. 23) 

GCAGTCTCGTCGACACCCAGCAGCG 18 
CATGTAACTCCCATACATGTGTGTGCT 
GGATCCGACGCAG 
(SEQ ID NO. 24) 

GGGCACGAGCGAAGGGCAUAAGCU 19 
GACGAAAGUCAGACAAGACAUGG U 
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Analyte class Example 



NMN 



FAD 



Porphyrin 



Vitamin B12 



Amino- Tobramycin 
glycosides 



Oligo- 
saccharides 

Poly- 
saccharides 



Cellobiose 



Sephadex 



Antibiotics Viomycin 



Streptomycin 



Aptamer Motif Sequence (SEQ ID NO.) Ref 
GCCC 

(SEQ ID NO. 25) 

GGAACCCAACUAGGCGUUUGAGGG 20 

GAUUCGGCCACGGUAACAACCCCU 

C 

(SEQ ID NO. 26) 

GGGCAUAAGGUAUUUAAUUCCAUA 21 
CAAG U U U ACAAGAAAG AUGCA 
(SEQ ID NO. 27) 

TAAACTAAATGTGGAGGGTGGGACG 22 

GGAAGAAGTTTA 

(SEQ ID NO. 28) 

CCGGUGCGCAUAACCACCUCAGUG 23 

CGAGCAA 

(SEQ ID NO. 29) 

GGGAGAAUUCCGACCAGAAGCUUU 24 

GGUUGUCUUGUACGUUCACUGUU 

ACG AU UG UG U U AGG U U U AACU ACA 

CUUUGCAAUCGCAUAUGUGCGUCU 

ACAUGGAUCCUCA 

(SEQ ID NO. 30) 

GCGGGGTTGGGCGGGTGGGTTCGC 25 

TGGGCAGGGGGCGAGTG 

(SEQ ID NO. 31) 

UACAGAAUGGGUUGGUAGGCAUAC 26 

CUAAUCGAGAAUGAUA 

(SEQ ID NO. 32) 

GGAGCUCAGCCUUCACUGCAAUGG 27 
GCCGCU AGG U UG AUG UGCAG UG A 
AGUCAGCUGAGGCCCAGGGCUGAA 
AGGAUCGCCCUCCUCGACUCGUGG 
CACCACGG UCGG AUCCAC 
(SEQ ID NO. 33) 

GGAUCGCAUUUGGACUUCUGCCCA 28 
GGGGGCACCACGGUCGGAUCC 



-18- 



wo 2006/078660 



PCTAJS2006/001627 



Analyte class 


Example 


Aptamer Motif Sequence (SEQ ID NO.) 


Ref 






(SEQ ID NO. 34) 






Tetracycline 


GGCCUAAAACAUACCAGAUUUCGA 


29 






UCUGGAGAGGUGAAGAAUUCGACC 








ACCUAGGCCGGU 








(SEQ ID NO. 35) 






Vasopressin 


ACGTGAATGATAGACGTATGTCGAGT 


30 






TGCTGTGTGCGGATGAACGT 








(SEQ ID NO. 36) 




Peptides 


Substance P 


GGGAGCUGAGAAUAAACGCUCAAG 


31 






GGCAACGCGGGCACCCCG ACAGG U 








GCAAAAACG CACCG ACG CCCGGCCG 








AAGAAGGGGAUUCGACAUGAGGCC 








CGGAUCCGGC 








(SEQ ID NO. 37) 




Enzymes 


HIV 


UCCG U U U UCAG UCGGGAAAAACUG 


32 




Rev Transcriptase 


(SEQ ID NO. 38) 






Human thrombin 


GGTTGGTGTGGTTGG 


33 






(SEQ ID NO. 39) 




Growth 


VEGF165 


GCGGUAGGAAGAAUUGGAAGCGC 


34 


factors 




(SEQ ID NO. 40) 




Transcription 


NF-kB 


GGGAUAUCCUCGAGACAUAAGAAA 


35 


factors 




CAAG AU AG AUCCUG AAACUG U U U U 








AAGG U UGGCCG AUCU UCUGCUCG A 








GAAUGCAUGAAGCGUUCCAUAUUU 








UU 








(SEQ ID NO. 41) 




Antibodies 


Human IgE 


GGGGCACGTTTATCCGTCCCTCCTAG 


36 






TGGCGTGCCCC 








(SEQ ID NO. 42) 




Gene 


Elongation 


GGGGCUAUUGUGACUCAGCGGUU 


37 


Regulatory 


factor Tu 


CGACCCCGCUUAGCUCCACCA 




factors 




(SEQ ID NO. 43) 
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Analyte class 


Example 


Apiainer ivioui aequence i^c*^ ity im^./ 




Cell adhesion 


Human CD4 






molecules 












fSFO in NIO 44^ 




cells 


YPEN-1 


ATACCAGCTTATTCAATTAGGCGGTG 


39 




endothelial 


CATTGTGGTTGGTAGTATACATGAGG 








TTTGGTTGAGACTAGTCGCAAGATAT 








AGATAGTAAGTGCAATCT 








(SEQ ID NO. 45) 




Viral/bacterial 


Anthrax spores 


Sequences are not given 


40 


components 


Rous 


AGGACCCUCGAGGGAGGUUGCGCA 


41 




sarcoma virus 


GGGU 








(SEQ (D NO. 46) 





[0063] 
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37 
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38 
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Blank, M,, Weinschenk, T., Priemer, M. & Schluesener, H. Systematic evolution 
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[0064] As may be seen from the base pairs in FIGs. 2 A and 2B, the DNAzyme 

224 or its adenosine-dependent aptazyme 225 may hybridize with complementary 
substrate fragments 233 and 235 that include an imidazole modified phosphate 229 
and a hydroxy! group. The depicted substrate fragments 233 and 235 are formed 
from deoxyribonucleosides. While one base sequence is shown for the DNAzyme 
(FIG. 2A), the DNA-aptazyme (FIG. 2B), and the substrate strands 233, 235, the 
bases may be changed on the enzyme and substrate strands to maintain the pairings. 
For example, any C on either strand may be changed to T, as long as the paired base 
is changed from G to A. 

[00651 The base pairing regions of the DNAzyme-aptazyme 224, 225 and the 

complementary substrate fragments 233 and 235 may be extended or truncated, as 
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long as sufficient bases exist to maintain the desired ligation of the substrate 
fragments. While many modifications to the enzyme and substrate are possible, 
modifications made to the catalytic core region of the enzyme can have significant 
effects on the catalytic efficiency or analyte specificity of the enzyme. A more 
detailed discussion of such modifications and the resulting effects on catalytic 
activity may be found in Brown, A., et aL, "A Lead-dependent DNAzyme with a 
Two-Step Mechanism/' Biochemistry, 42, 7152-61 (2003). 

[0066] Between the imidazole-modified phosphate 229 and the hydroxyl 

group lies the ligation site 231, where the DNAzyme-aptazyme 224, 225 may ligate 
the substrate fragments 233 and 235 to form the substrate 234. This ligation 
reaction results in the ligation of the 3'-end of the substrate fragment 233 with the 
5'-end of the substrate fragment 235 as discussed further with regard to FIG. 3. 

[0067] In one aspect, the substrate fragment 233 may be modified or activated 

with an imidazole, while the substrate fragment 235 includes a hydroxyl (-OH) 
group, in another aspect, the substrate fragment 233 may be phosphorylated and 
then activated with the imidazole. In this aspect, it is believed that the DNAzyme- 
aptazyme 224, 225 induces ligation of the substrate fragments 233, 235 by 
catalyzing nucleophilic attack of the phosphor center on 233 by the hydroxyl group 
on 235 to form a phosphodiester bond with the imidazole functioning as the leaving 
group. 

[0068] The DNAzyme-aptazyme 224, 225 and the complementary substrate 
fragments 233 and 235 all may be separate strands, as depicted in FIGs. 2A and 2B, 
or the DNAzyme-aptazyme and one or both of the substrate fragments may be part 
of the same nucleic acid strand. When the DNAzyme-aptazyme and the 
complementary substrate fragments are different nucleic acid strands, the 
DNAzyme-aptazyme may be referred to as a "trans-acting enzyme." Trans-acting 
enzymes have the advantage of being able to join multiple complementary substrate 
fragments, thus being catalytic. If the DNAzyme-aptazyme and the complementary 
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substrate fragments are part of the same nucleic acid strand, the DNAzyme- 
aptazyme may be referred to as a "c/s-acting enzyme." 

[0069] FIG. 3A represents the ligation of substrate fragments 333 and 335 to 

form substrate 334 by DNAzyme 324. The ligation results in the formation of a 
ligation product 300 that includes the substrate 334 hybridized with the DNAzyme 
324 in the presence of the co-factor. The substrate 334 may then leave the ligation 
product 300 to hybridize with oligonucleotide functional ized particles 337 and 339, 
as described further with regard to FIG. 3C. In this manner the DNAzyme 324 can 
participate in additional ligation reactions between additional complementary 
substrate fragments. 

[0070] FIG. 3B represents the ligation of the substrate fragments 333 and 335 

to form the substrate 334 by DNA aptazyme 325, The ligation results in the 
formation of the hybridized ligation product 300 in the presence of a metal co-factor 
and the aptamer target 327. Without the appropriate target 327 for the aptamer 

323, the DNA aptazyme 325 does not ligate the substrate fragments 333 and 335 
into the substrate 334. Thus, unlike in FIG. 3A where the co-factor was the analyte, 
in FIG. 3B the aptamer target 327 serves as the analyte. 

[0071] FIG. 3C represents the formation of the substrate 334 from the 

substrate fragments 333 and 335 in the presence of the Zn(ll) and/or Cu(ll) analytes 
305 by the DNAzyme 324. The DNAzyme 324 may be referred to as "E47," which 
exhibits high activity in the presence of the Zn(l\) cation and a lesser activity In the 
presence of the Cu(ll) cation. The aggregate 332 then may be formed as the 
substrate 334 hybridizes to 3' and 5' thiol-oligonucleotide functionalized particles 
337 and 339, respectively. In one aspect, the hybridization of the particles 337, 339 
with the substrate 334 may assist in separating the substrate from the DNAzyme 

324. In another aspect, when the E47 DNAzyme is utilized, invasive DNA (not 
shown) that is complementary from the 10* base of the 5'-end to the 38* base of the 
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E47 strand may be added to speed the separation of the substrate strand 334 from 
the DNAzyme 324. 

[0072] As the oligonucleotide functional ized particles 337 and 339 hybridize 

with the substrate 334, the color of the solution changes from red to blue. 
Formation of the blue aggregate 332 in the presence of the analyte 305 adds blue 
color to the red solution as the particles are brought closer together in the aggregate 
332, thus giving a purple solution. If enough of the analyte 305 is present in the 
sample, enough of the substrate 334 will form to bind substantially all of the 
particles together into aggregates, thus providing a blue solution due to the close 
proximity of the nanoparticles. 

[0073] The alignment of the particles (tail-to-tail or head-to-tail) with respect to 
each other may influence how tightly the moieties that form the aggregate bind 
together. FIG. 3C depicts that the aggregate 332 may be formed from the substrate 
344 and the functionalized particles 337, 339 where the particles hybridize in a tail- 
to-tail arrangement with the substrate. Tail-to-tail or head-to-taii hybridization may 
be selected by reversing the end of the oligonucleotide to which the particle is 
attached. At present, the tail-to-tail hybridization arrangement of FIG. 3C is 
preferred because head-to-tail hybridization may produce less stable aggregates. 
However, this steric hindrance may be reduced through a reduction in the average 
diameter of the particles or through the use of a longer substrate, for example. 

[0074] The sensor system, including the substrate fragments and the 
oligonucleotide functionalized particles may be provided in the form of a kit. In one 
aspect, the kit includes the desired analyte specific ligase that is at least partially 
complementary to the substrate fragments. In yet another aspect, the kit excludes 
the ligase, which is then provided by the user or provided separately. In this aspect, 
the kit also may be used to determine the specificity and/or selectivity of various 
ligases to a selected analyte. Thus, the kit may be used to select an appropriate 
ligase in addition to detecting the analyte. In yet another aspect, the kit includes an 
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exterior package that encloses a DNAzyme-aptazyme, complementary substrate 
fragments, and oligonucleotide functional ized particles. In yet another aspect, the 
kit includes invasive DNA. 

[0075] One or more of these components may be separated into individual 
containers, or the DNAzyme-aptazyme may be provided hybridized to the substrate 
fragments. If separated, the substrate fragments may be hybridized to the DNAzyme 
or aptazyme before introducing the sample. The invasive DNA may be held in a 
separate container so it may be added to the sample before, during, or after 
combination with the particles. Additional buffers and/or pH modifiers may be 
provided in the kit to adjust the ionic strength and/or pH of the sample. 

[0076] The containers may take the form of bottles, tubs, sachets, envelopes, 
tubes, ampoules, and the like, which may be formed in part or in whole from 
plastic, glass, paper, foil, MYLAR®, wax, and the like. The containers may be 
equipped with fully or partially detachable lids that may initially be part of the 
containers or may be affixed to the containers by mechanical, adhesive, or other 
means. The containers also may be equipped with stoppers, allowing access to the 
contents by syringe needle. In one aspect, the exterior package may be made of 
paper or plastic, while the containers are glass ampoules. 

[0077] The exterior package may include instructions regarding the use of the 
components. Color comparators; standard analyte solutions, such as a 10 /ym 
solution of the analyte; and visualization aids, such as thin layer chromatography 
(TLC) plates, test tubes, and cuvettes, also may be included. Containers having two 
or more compartments separated by a membrane that may be removed to allow 
mixing may be included. The exterior package also may include filters and reagents 
that allow preparation of the sample for analysis. Suitable reagents for preparing the 
sample may include dilution reagents, pH modification reagents, ionic strength 
modification reagents, and the like. 
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[0078] In another aspect, in addition to the sensor system of the present 

invention, the kit also may include multiple sensor systems to further increase the 
reliability of analyte determination and reduce the probability of user error. In one 
aspect, multiple light-up sensor systems in accord with the present invention may be 
included. In another aspect, a 'Might-down'' sensor system may be included with the 
light-up sensor system of the present invention. 

[0079] The presently claimed sensor system may be considered a light-up 
sensor because a color change occurs (red to blue) in the presence of the analyte. 
Conversely, in a light-down sensor system, a color change is not observed in the 
presence of the analyte. By virtually eliminating the background ligation, which 
could otherwise provide a false result by lighting up when the analyte is absent, the 
present light-up system provides a useful increase in the accuracy of analyte 
detection and quantification. Combining a sensor system using light-down 
chemistry with the presently claimed light-up sensor may reduce the probability of 
an inaccurate analyte determination. 

[0080] Suitable light-down sensors for inclusion in the presently claimed kit 

may rely on DNAzyme/Substrate/particle aggregates that are not formed in the 
presence of the selected analyte. Thus, for these sensors, a color change from 
aggregate formation is observed when the selected analyte is not present in the 
sample. In one aspect, these light-down sensors may rely on a tail-to-tail particle 
arrangement coupled with nanoparticles having average diameters of about 43 nm 
to provide aggregation at room temperature in the absence of the analyte. A more 
detailed description of suitable light-down sensor systems for inclusion in the 
presently claimed kit may be found, for example, in U.S. Pat. App. 10/756,825, filed 
January 13, 2004, entitled "Biosensors Based on Directed Assembly of Particles," 
which is hereby incorporated by reference. 
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[0081] The preceding description is not intended to limit the scope of the 
invention to the preferred embodiments described, but rather to enable a person of 
ordinary skill in the art to make and use the invention. Similarly, the examples 
below are not to be construed as limiting the scope of the appended claims or their 
equivalents, and are provided solely for illustration. It is to be understood that 
numerous variations can be made to the procedures below, which lie within the 
scope of the appended claims and their equivalents. 

EXAMPLES 

[0082] DNA samples were purchased from Integrated DNA Technologies Inc., 

Coralville, lA. The substrates and enzyme portions of the DNAzyme were purified 
by HPLC prior to use. Additional materials, such as adenosine and ZnCb were 
purchased from Aldrich, Milwaukee, Wl and used as received. 

[0083] The sequences obtained from Integrated DNA Technologies include 
the E47 DNAzyme 224 (SEQ ID NO: 1) and the E47 DNAzyme modified into an 
adenosine-dependent aptazyme E47 + Ade 225 (SEQ ID NO: 2) along with the 
substrate fragments 233 (SEQ ID NO: 3) and 235 (SEQ ID NO: 4). Each of these 
strands are given in Table 2 below and shown in FIG. 2. The sequences of the 
5'DNAau 339 (SEQ ID NO: 5) and the 3'DNAau 337 (SEQ ID NO: 6) oligonucleotide 
functionalized gold nanoparticles from FIG. 3C that hybridize these substrate 
fragments also are listed. 



-29- 



wo 2006/078660 



PCTAJS2006/001627 



[0084] 



Name 


Sequences 


SEQ 
ID 


E47 


CGGATAGTGTTCTTTCGCTAGACCATGTGACGCATGGTGAGATGCTT 


1 


E47 + Ade 


CGGATAGTGTTCTTTCGCTAGACTGGGGGAGTATTGCGGAGGAA 
GTGAGATGCTT 


2 


SF233 


AAGCATCTCAAGC 


3 


SF235 


GGAACACTATCCG 


4 


5'DNAau 


CGGATAGTGTTCC 


5 


3'DNAau 


GCTTGAGATGCTT 


6 


All sequences are listed from 5 ' to 3 '. For 5'DNAau and 3'DNAau, a gold nanoparticle was 
attached via a 5'- and 3'-end thiol-linkage, respectively. For SF233, the 3 '-end was 
phosphorylated 



Table 2 

[0085] Example 1 : Formation Gold Nanoparticles 

[0086] Gold nanoparticles having an average diameter of 50 nm were 

prepared by the citrate reduction method. Two-hundred milliliters of a 0.3 mM 
HAuCU solution was heated to reflux while stirring. To this solution was added 
1 .8 mL of a 38.8 mM sodium citrate solution. When the color of the resultant 
solution changed to red, the solution was refluxed for another 30 minutes and then 
allowed to cool to room temperature. The solution was then filtered trough a glass 
frit and the nanoparticles were collected. 

[0087] Example 2 : Oligonucleotide Functionalization of Gold Nanoparticles 

[0088] 3'- and 5'-thiol-modified DNA was activated by incubating with 

Tri(2-carboxyethyl)phosphine hydrochloride (TCEP). Typically, 20 of 1 mM DNA 
was incubated with 2 \il of 20 mM TCEP at room temperature for 1 hour. The 
mixture was then directly added into 6 mL of the gold nanoparticles from 
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Example 1 . After incubation for 1 6 hours at room temperature, 0.6 mL of buffer 
containing 1 M of NaCI and 100 mM of Tris acetate (pH 8.2) was dropwise added to 
the stirred nanoparticle solution. After incubation for another day, the nanoparticles 
were centrifuged at 9000 rpm for 10 minutes. The supernatant was removed and 
nanoparticles were re-dispersed in buffer containing 100 mM NaCI, 25 mM tris 
acetate (pH 8.2). This centrifugation process was repeated 3 times to remove the 
free DNA from the solution. The average diameter of the gold nanoparticles was 
verified by transmission electronic microscope QEOL 2010). 

[0089] Example 3 : Imidazole Modification of Substrate Fragment 

[0090] A substrate fragment with a phosphorylated 3'-end, such as 233 from 

FIG, 2, was purchased from Integrated DNA Technologies Inc. The imidazole group 
was attached to the 3'-phosphate group by reacting 20 \xl of a 100 |j,M solution 
containing the phosphorylated fragment with 2,5 )jlL of 1 M imidazole (pH 6.0, 
adjusted with concentrated HCI) and 2.5 |aL of 1.5 M EDC*HCI at room temperature 
for 1 hour. The resultant mixture was desalted with a PD-10 (Amersham 
Biosciences) desalting column, and the fraction of 0.5 to 1 .5 mL was collected. The 
DNA concentration of the eluted fraction was determined by monitoring the 
absorbance at 260 nm. 

[0091] Example 4 : Preparation of a DNAzyme Sensor System 

[0092] The imidazole-activated substrate fragment from Example 3 was 

dissolved in 300 mM KCI, 20 mM MgCb, 30 mM HEPES buffer (pH 7.0) with a 
second substrate fragment, such as 235 from FIG. 2A, and a nucleic acid enzyme, 
such as the DNAzyme 224 from FIG. 2A. After about 30 minutes at room 
temperature, the ligation reaction was initiated by adding 1 |aL of 50x concentrated 
Cu^^ or Zn^^ solution. After 30 minutes, 5 |LtL of the solution was transferred to 
another tube containing 45 jliL of 0.09 nM DNA-functionalized gold nanoparticles 
(mixture of 3'- and 5'-thiol-functionalized DNA with equal concentration), 300 mM 
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NaCI, 30 mM tris acetate buffer (pH 8.2) and 1 /jM of 29anti47E DNA (5'-ACC ATG 
CGT CAC ATG GTC TAG CGA AAG AA-30 (SEQ ID NO: 42). Shortly after mixing, 
the tube containing the nanoparticles was placed in a beaker containing 10 mL of 
boiling water and was allowed to cool to room temperature for 20 minutes. The 
UV-vis extinction spectra of the samples were then collected or the nanoparticles 
were spotted onto an alumina TLC plate for visualization. 

[0093] Example 5 : Confirmation of Ligation Product Formation 

[0094] The formation of the substrate from the substrate fragments was 
confirmed by monitoring the kinetics of both Cu(ll) and Zn(ll) induced ligation. The 
3'-end of a substrate fragment, such as the fragment 235 from FIG. 2A, was labeled 
with a FAM (6 ^-carboxylfiuorescein) fluorescent dye. The labeled substrate 
fragments that were ligated into a substrate were separated from the labeled 
substrate fragments that were not ligated into a substrate by polyacrylamide gel 
electrophoresis. 

[0095] As shown in FIG. 4A, the fraction of the labeled substrate fragments 

that were ligated increased with time for both Cu(ll) and Zn(ll). The ligation kinetics 
parameters were obtained by quantifying the intensity of the gel bands depicted in 
FIG. 4B. For example, in HEPES buffer at pH 7.0, the ligation rate was 2 hour^ in 
the presence of 1 mM ZnCb. The images were obtained with a fluorescence image 
analysis system (FLA-3000G, Fuji) with 473 nm laser excitation. The filter was set to 
520 nm. The kinetics data was fit to the equation y ^ yo +af /-e"^% where k is the 
observed rate constant. 
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[0096] Example 6 : Confirmation of Nanoparticle Aggregate Formation 

[0097] After allowing the ligation reaction to form substrate for approximately 

30 minutes, the functionalized nanoparticles from Example 2 were added. 
The color change of the sample was monitored by UV-vis extinction spectroscopy. 
As shown by the solid line in FIG. 5A, the functionalized nanoparticles from 
Example 2 have an extinction peak at around 532 nm. In the presence of the 
substrate, the nanoparticles were assembled to form aggregates. Thus, upon 
aggregation, the extinction peak at around 532 nm decreased significantly while the 
extinction peak at around 700 nm increased, establishing the red-to-blue color 
transition of aggregate formation. Therefore, the extinction ratio at 532 and 700 nm 
was used to quantify the color of the system, with a higher ratio associated with the 
red color of separated particles, and a lower ratio associated with the blue color of 
aggregated particles. 

[0098] Example 7 : Confirmation that Aggregate Formation is Responsive to 

Substrate Formation. 

[0099] To confirm that aggregation and the associated red to blue color 

change was due to the ligated substrate, the melting properties of the aggregates 
were investigated. It is known that the extinction at 260 nm will increase 
significantly upon melting for DNA-assembled nanoparticles. See Elghanian, et al. 
Science (Washington, D. C), 277, 1078-80 (1997) and Jin, et al. /. Am. Chem. Soc. 
125, 1643-54 (2003). FIG. 5B relates the extinction coefficient at 260 nm for the 
aggregates as temperature is increased. With the initial temperature increase, the 
extinction at 260 nm decreased, likely due to the formation of larger aggregates from 
smaller aggregates. For a more detailed description of this phenomenon, see 
Storhoff, et al., J. Am. Chem. Soc, 1 22, 4640-50 (2000). At higher temperature, the 
aggregates started to melt with a sharp increase of the extinction at 260 nm, 
consistent with the melting properties of nanoparticle aggregates assembled by 
ligated substrates. 

-33- 



wo 2006/078660 



PCTAJS2006/001627 



[00100] 



Example 8 : Confirming the Sensitivity of tlie Sensor System 



[00101] 



FIG. 6 depicts the change in extinction ratios for various 



concentrations of Cu(ll) and Zn(ll). It is clear from the graph that the sensor detects 
and provides a meaningful color change for Cu(ll) at solution concentrations of from 
3 to 10 //M and for Zn(ll) at solution concentrations of from 20 to 200 //M. The 
extinction ratio decreased with the increase of metal concentrations for both metal 
ions. The middle point for Cu(ll) was about 4 //M while the middle point for Zn(ll) 
was about 80 /jM. Thus, the ability of the sensor system to provide accurate 
quantitative information was established, with an approximately 20X heightened 
sensitivity to Cu(ll) over Zn(ll). These color changes may be visually observed by 
spotting onto an alumina TLC plate, for example. 

[00102] Example 9 : Confirming the Selectivity of the Sensor System 

[00103] FIG. 7A depicts the extinction ratios for Cu(ll), Zn(ll), Mn(ll), Co(ll), 
Ni(ll), Ca(ll), Pb(ll), and Cd(ll) at the 0.01, 0.1, and 1 mM solution concentrations. 
The results establish that for the ions tested, significant changes in the extinction 
ratios were observed for Cu(ll) and Zn(ll), and for Zn(ll) above the 0.01 mM 
concentration. 

[00104] These results were further confirmed in FIG. 7B when a "metal soup" 
was supplied to the sensor that contained 0.1 mM or 0.5 mM of each of Mn(ll), 
Co(ll), Ni(ll), Ca(ll), Pb(ll), and Cd(ll). No color change was observed with the 
0,1 mM metal soup and little was observed for the 0.5 mM soup. However, when 
10 //M Cu(II) or 1 mM Zn(ll) was added to the sensor containing the 0.1 mM or 
0,5 mM metal soup, a color change was observed. The decrease in the extinction 
ratio with the 0.5 mM metal soup is believed attributable to the irreversible 
aggregation of gold nanoparticles induced by the high concentration of heavy metal 
ions; an effect not related to ligation. 
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[00105] Example 10 : Confirming the Performance of the DNA aptazyme Sensor 

[00106] The DNA aptazyme 225 as depicted in FIG. 2B was obtained from 
Integrated DNA Technologies. The following procedure was followed to test the 
ligation activity of this adenosine-dependent aptazyme. In a microcentrifuge tube, 
39 //L of a 1 .55 fjM solution of the imidazole-activated substrate fragment depicted 
as 233 (FIG, 2B), 3.4 )L/L of a 1 7.7 //M solution of a 3 '-fiuorescein-labeled version of 
the substrate fragment depicted as 235 (FIG. 1 B), 0.6 //L of a 1 00 /jM solution of the 
DNA aptazyme 225 (FIG. 2B), 6 //L of 3 M NaCI, 3.6 //L of 500 mM HEPES buffer 
(pH 7.0), and 3.45 /jL of deionized water were mixed. The total solution volume 
was 54 A/L 

[00107] The 54 //L of solution was divided into two tubes with 27 /jL in each 
tube. For the control tube, 3 /yL of water was added, while for the other tube, 3 //L 
of 50 mM adenosine was added. Therefore, the final reagent concentration was 
300 mM NaCI, 30 mM HEPES (pH 7.0), and 1 jjM for the three DNA strands, and 
5 mM adenosine for the non-control tube. After allowing the two tubes to sit at 
room temperature for 1 0 minutes, 1 /jL of 30 mM ZnCb was added to initiate the 
ligation reaction. 

[00108] At designated time points, 5 jjI aliquots were taken from each tube 
and transferred to other tubes containing EDTA to stop the reactions. When all time 
points were taken, the samples were loaded onto a 20% denaturing polyacrylamide 
gel, which separated the ligated substrates from the un-ligated substrate fragments. 
The gel was analyzed by exciting the fluorescein tag at 473 nm. Band intensity was 
quantified with Image Gauge software (Fuji). 

[00109] As any person of ordinary skill in the art will recognize from the 
provided description, figures, and examples, that modifications and changes can be 
made to the preferred embodiments of the invention without departing from the 
scope of the invention defined by the following claims and their equivalents. 
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What is claimed is: 

1 . A sensor system for detecting an analyte, comprising: 
a ligase; 

a plurality of substrate fragments comprising first polynucleotides, at least two 
of the substrate fragments at least partially complementary to the ligase; and 

first particles comprising second polynucleotides, the second polynucleotides 
coupled to the first particles, where the first polynucleotides are at least partially 
complementary to the second polynucleotides. 

2. The sensor of claim 1 , where at least two of the substrate fragments undergo 
ligation in the presence of the analyte. 

3. The sensor of any of the preceding claims, further comprising second 
particles comprising third po\ynudeotides, the third polynucleotides coupled to the 
second particles at the 5'-terminus, where 

the plurality of substrate fragments further comprise fourth polynucleotides 
having a different base sequence than the first polynucleotides, and 

the second polynucleotides are coupled to the first particles at the 3'-terminus 
and the fourth polynucleotides are at least partially complementary to the third 
polynucleotides. 

4. The sensor of any of the preceding claims, where the ligase is selected from 
the group consisting of nucleic acid enzymes, protein enzymes, small molecule 
mimics of ligase enzymes, and combinations thereof. 

5. The sensor of any of the preceding claims, where the ligase comprises an 
aptamer, the aptamer comprising a fifth polynucleotide. 
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6. The sensor of any of the preceding claims, where the first particles comprise 
an inorganic material. 

7. The sensor of any of the preceding claims, where the first particles comprise a 
material selected from the group consisting of metals, semiconductors, magnetizable 
materials, and combinations thereof. 

8. The sensor of any of the preceding claims, where the first particles and the 
second particles comprise gold. 

9. The sensor of any of the preceding claims, where the first particles have an 
average diameter from 5 nm to 100 nm. 

1 0. The sensor of any of the preceding claims, where the first particles have an 
average diameter from 25 nm to 75 nm. 

1 1 . The sensor of any of the preceding claims, where the analyte binds with the 
aptamer to activate or deactivate the ligase in the presence of a co-factor. 

1 2. The sensor of any of the preceding claims, where the analyte is selected from 
the group consisting of Ag(l), Pb(ll), Hg(ll), As(lll), Fe(lll), Zn(ll), Cd(ll), Cu(ll), Sr(ll), 
Ba(ll), Ni(ll), Co(ll), As(V), U(VI), and Cr(VI). 

1 3. The sensor of any of the preceding claims, where the analyte comprises a 
metal ion having a ^2 formal oxidation state. 

14. The sensor of any of the preceding claims, where the analyte is selected from 
the group consisting of Cu(ll), Zn(ll), and combinations thereof. 
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1 5. The sensor of any of the preceding claims, where the analyte is selected from 
the group consisting of organic dyes, biotin, theophylline, adenine, dopamine, 
amino acids, nucleosides/nucleotides, RNA, biological co-factors, amino-glycosides, 
oligosaccharides, polysaccharides, peptides, enzymes, growth factors, transcription 
factors, antibodies, gene regulatory factors, cell adhesion molecules, cells, viral 
components, bacterial components, NH4"^, spermine, spermidine, adenosine, HIV, 
HIV proteins, HlV-derived molecules, anthrax, anthrax-derived molecules, small 
pox, small pox-derived molecules, nitrogen fertilizers, pesticides, dioxins, phenols, 
2,4-dichlorophenoxyacetic acid, nerve gases, TNT, DNT, glucose, insulin, 
hCG-hormone, drugs, antibiotics, controlled substances, and cocaine. 

1 6. The sensor of any of the preceding claims, where the analyte is selected from 
the group consisting of K(l), Zn(ll), Ni(li), organic dyes, biotin, theophylline, adenine, 
dopamine, amino acids, nucleosides/nucleotides, RNA, biological co-factors, amino- 
glycosides, oligosaccharides, polysaccharides, peptides, enzymes, growth factors, 
transcription factors, antibodies, gene regulatory factors, cell adhesion molecules, 
cells, viral components, bacterial components, and cocaine. 

1 7. The sensor of any of the preceding claims, where the llgase comprises a 
nucleic acid enzyme comprising a polynucleotide having a sequence selected from 
the group consisting of SEQ ID NO: 1, SEQ ID NO: 2, and conservatively modified 
variants thereof. 

1 8. The sensor of any of the preceding claims, where the first polynucleotides 
comprise a plurality of polynucleotide fragments, each having a sequence selected 
from the group consisting of SEQ ID NO: 3, SEQ ID NO: 4, conservatively modified 
variants thereof, and combinations thereof. 
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1 9. The sensor of any of the preceding claims, further comprising an invasive 
DNA, where the invasive DNA is at least partially complementary to the ligase. 

20. The sensor of any of the preceding claims, where the fifth polynucleotide 
comprises a polynucleotide comprising a sequence selected from the group 
consisting of SEQ ID NO: 7 through SEQ ID NO: 46, and conservatively modified 
variants thereof. 

21 . A method of detecting an analyte, comprising: 

combining a sample, a plurality of substrate fragments comprising first 
polynucleotides, and first particles comprising second polynucleotides, the second 
polynucleotides coupled to the first particles; and 

detecting a color change responsive to the analyte, where 

the first polynucleotides are at least partially complementary to the 
second polynucleotides and 

at least two of the substrate fragments undergo ligation in the presence 
of the analyte. 

22. The method of any of the preceding claims, further comprising combining 
second particles comprising third polynucleotides with the sample, the plurality of 
substrate fragments, and the first particles, where 

the third polynucleotides are coupled to the second particles at the 
5 '-term in us, 

the plurality of substrate fragments further comprise fourth polynucleotides 
having a different base sequence than the first polynucleotides, and 

the second polynucleotides are coupled to the first particles at the 3'-terminus 
and the fourth polynucleotides are at least partially complementary to the third 
polynucleotides. 

23. The method of any of the preceding claims, where the analyte is a ligase. 
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24. The method of any of the preceding claims, where the analyte is a nucleic 
acid enzyme. 

25. The method of any of the preceding claims, where the ligase comprises a 
nucleic acid enzyme comprising an aptamer, the aptamer comprising a fifth 
polynucleotide. 

26. The method of any of the preceding claims, where the fifth polynucleotide 
comprises a polynucleotide comprising a sequence selected from the group 
consisting of SEQ ID NO:7 through SEQ ID NO: 46 and conservatively modified 
variants thereof. 

27. The method of any of the preceding claims, where the first particles comprise 
an inorganic material. 

28. The method of any of the preceding claims, where the first particles comprise 
a material selected from the group consisting of metals, semiconductors, 
magnetizable materials, and combinations thereof. 

29. The method of any of the preceding claims, where the first particles have an 
average diameter from 5 nm to 100 nm. 

30. The method of any of the preceding claims, where the sample comprises a 
co-factor capable of activating or deactivating the nucleic acid enzyme in the 
presence of the analyte. 

31 . The method of any of the preceding claims, where the co~factor is selected 
from the group consisting of Ag(l), Pb(ll), Hg(ll), As(lll), Fe(lll), Zn(ll), Cd(ll), Cu(ll), 
Sr(ll), Ba(ll), Ni(ll), Co(ll), As(V), U(VI), and Cr(VI). 
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32. The method of any of the preceding claims, where the analyte is selected 
from the group consisting of organic dyes, biotin, theophylline, adenine, dopamine, 
amino acids, nucleosides/nucleotides, RNA, biological co-factors, amino-glycosides, 
oligosaccharides, polysaccharides, peptides, enzymes, growth factors, transcription 
factors, antibodies, gene regulatory factors, cell adhesion molecules, cells, viral 
components, bacterial components, NH4"^, spermine, spermidine, adenosine, HIV, 
HIV proteins, HIV-derived molecules, anthrax, anthrax-derived molecules, small 
pox, small pox-derived molecules, nitrogen fertilizers, pesticides, dioxins, phenols, 
2,4-dichlorophenoxyacetic acid, nerve gases, TNT, DNT, glucose, insulin, 
hCG-hormone, drugs, antibiotics, controlled substances, and cocaine. 

33. The method of any of the preceding claims, where the analyte is selected 
from the group consisting of K(l), Zn(ll), Ni(ll), organic dyes, biotin, theophylline, 
adenine, dopamine, amino acids, nucleosides/nucleotides, RNA, biological co- 
factors, amino-glycosides, oligosaccharides, polysaccharides, peptides, enzymes, 
growth factors, transcription factors, antibodies, gene regulatory factors, cell 
adhesion molecules, cells, viral components, bacterial components, and cocaine. 

34. The method of any of the preceding claims, where the first polynucleotides 
comprise a plurality of polynucleotide fragments, each having a sequence selected 
from the group consisting of SEQ ID NO: 3, SEQ ID NO: 4, conservatively modified 
variants thereof, and combinations thereof. 

35. The method of any of the preceding claims, where an aggregate forms in 
response to the analyte. 

36. The method of any of the preceding claims, where the quantity of the 
aggregate formed is related to the quantity of the analyte in the sample. 
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37. The method of any of the preceding claims, where the sample originates from 
a biological source. 

38. The method of any of the preceding claims, where the sample originates from 
an industrial waste stream. 

39. The method of any of the preceding claims, where the sample originates 
from a water supply from which water is drawn for human consumption. 

40. A kit for detecting an analyte, comprising: 

a system for forming aggregates, comprising: 

a plurality of substrate fragments comprising first polynucleotides, 
where at least two of the plurality of substrate fragments undergo ligation in the 
presence of the analyte; and 

first particles comprising second polynucleotides, the second 
polynucleotides coupled to the first particles, where 

the first polynucleotides are at least partially complementary to the 
second polynucleotides. 

at least one first container containing the system. 

41 . The kit of any of the preceding claims, where the system further comprises a 
ligase. 

42. The kit of any of the preceding claims, where the ligase comprises a nucleic 
acid enzyme, where 

at least two of the substrate fragments are at least partially complementary to 
the nucleic acid enzyme. 
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43. The kit of any of the preceding clainns, further comprising second particles 
connprising third polynucleotides, the third polynucleotides coupled to the second 
particles at the 5 '-terminus, where 

the plurality of substrate fragments further comprise fourth polynucleotides 
having a different base sequence than the first polynucleotides, and 

the second polynucleotides are coupled to the first particles at the 3'-terminus 
and the fourth polynucleotides are at least partially complementary to the third 
polynucleotides. 

44. The kit of any of the preceding claims, further comprising a reagent to 
prepare the sample for analysis. 

45. The kit of any of the preceding claims, further comprising instructions to form 
the aggregate. 

46. The kit of any of the preceding claims, where the nucleic acid enzyme 
comprises a polynucleotide having a sequence selected from the group consisting of 
SEQ ID NO: 1, SEQ ID NO: 2, and conservatively modified variants thereof. 

47. The kit of any of the preceding claims, where the first polynucleotides 
comprise a plurality of polynucleotide fragments, each having a sequence selected 
from the group consisting of SEQ ID NO: 3, SEQ ID NO: 4, conservatively modified 
variants thereof, and combinations thereof. 

48. The kit of any of the preceding claims, where the nucleic acid enzyme 
comprises an aptamer, the aptamer comprising a fifth polynucleotide. 
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49. The kit of any of the preceding claims, where the fifth polynucleotide 
connprises a polynucleotide comprising a sequence selected from the group 
consisting of SEQ ID NO: 7 through SEQ ID NO: 46, and conservatively modified 
variants thereof 

50. The kit of any of the preceding claims, further comprising a device to quantify 
a color change responsive to the formation of the aggregates. 

51 . The kit of any of the preceding claims, where the device is selected from the 
group consisting of spectrophotometers and color comparators. 

52. The kit of any of the preceding claims, further comprising a light-down sensor 
system responsive to the analyte. 
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I 



FORM SUBSTRATE (134) FROM SUBSTRATE FRAGMENTS (133, 135) 
WITH THE NUCLEIC ACID ENZYME IN A SAMPLE (102). 
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1 

SEQUENCE LISTING 

<110> LU, YI 

LIU, JUEWEN 

<120> NUCLEIC ACID ENZYME LIGATION SENSOR 

<a30> ILLOS-OBl-US 

<140> 11/041,003 
<141> 2005-01-21 

<160> 51 

<170> Patentin Ver- 3*3 

<210> 1 
<211> 47 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic 
oligonucleotide 

<400> 1 

cggatagtgt tctttcgcta gaccatgtga cgcatggtga gatgctt 47 



<210> 2 
<211> 55 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic 
oligonucleotide 

<400> 2 

cggatagtgt tctttcgcta gactggggga gtattgcgga ggaagtgaga tgctt 55 



<210> 3 
<211> 13 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic 
ol i gonuc 1 eo t ide 



<400> 3 

aagcatctca age 



13 
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2 

<210> 4 
<211> 13 
<212> DNA 

<213> Artificial Sec[uence 
<220> 

<223> Description of Artificial Sequence: Synthetic 
oligonucleotide 

<400> 4 

ggaacactat ccg 

<210> 5 
<211> 13 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic 
oligonucleotide 

<400> 5 

cggatagtgt tec 



<210> 6 
<211> 13 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic 
oligonucleotide 

<400> 6 

gcttgagatg ctt 



<210> 7 
<211> 21 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: Synthetic 
aptaraer motif sequence 

<400> 7 

gggttagggt tagggttagg g 



<210> 8 
<211> 29 
<212> RNA 

<213> Artificial Sequence 
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3 



<220> 

<223> Description of Artificial Sequences Synthetic 
aptamer tnotif sequence 



<400> e 

aggcgaggug aaaugagcgg uaauagccu 



29 



<210> 9 
<211> 95 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence? Synthetic 
aptamer motif sequence 

<400> 9 

gggagsLggau acuacacgug auagucaggg aacaugacaa acacagggac uugcgaaaau 60 
caguguuuug ccauugcaug uagcagaagc uuccg 95 

<210> 10 
<211> 132 
<212> DNA 

<213> Artificial Segnence 
<220> 

<223> Description of Artificial Sequences Synthetic 
aptamer motif sequence 

<400> 10 

gggagaattc ccgcggcaga agcccacctg gctttgaact ctatgttatt gggtggggga 60 
aacttaagaa aactaccacc cttcaacatt accgcccttc agcctgccag cgccctgcag 120 
cccgggaagc tt 132 



<210> 11 
<211> 38 
<212> RNA 

•<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: Synthetic 
aptamer motif sequence 



<400> 11 

ggaucccgac uggcgagagc cagguaacga auggaucc 



38 



<210> 12 
<211> 29 
<2X2> DNA 



<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: Synthetic 
aptamer motif sequence 
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<400> 12 

ccggccaagg gtgggaggga gggggccgg 29 



<210> 13 
<211> 61 
<2X2> RNA 

<213> Artificial Sequence 
<220> 

<223> Pescription of Artificial Sequences Synthetic 
ap tamer motif secjuetice 

<400> 13 

auggcaccga ccauaggcuc. ggguugccag agguuccaca cuuucaucga aaagccuaug 60 

G 



<210> 14 
<211> 33 
<212> RNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence; Synthetic 
aptamer motif sequence 

<£400> 14 

ggcgauacca gccgaaaggc ccuuggcagc guc 33 

<210> 15 
^211> 52 
<212?» RNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic 
aptamer motif sequence 

<400> 15 

gauaggacga uuaucgaaaa ucaccagauu ggacccuggu uaacgaucca uu 

<210> 16 
<221> 30 
<212> DNA 

<213> Artificial Sequence 
<:220> 

<223> Peecription of Artificial Sequence: Synthetic 
aptamer motif sequence 



<:400> X6 

gacaaggaaa atccttcaat gaagtgggtc 



30 
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<210> 17 

<211> 67 
<212> RNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: Synthetic 
aptamer motif sequence 

<400> 17 

gggaauuccg cgugugcgcc gcggaagagg gaauauagag gccagcacau agugaggccc 60 
uccuccc 67 



<210> 18 
<211> 72 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic 
aptamer motif sequence 

<400> 18 

gggagcucag aauaaacgcu caaggaggac cgugcacucc ucgaacauuu cgagaugaga 60 
cacggauccu gc 72 



<210> 19 
<211> 44 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic 
aptamer motif sequence 

<400> 19 

gacgagaagg agugcugguu auacuagcgg uuaggucacu cguc 44 



<210> 20 
<211> 27 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: Synthetic 
aptamer motif sequence 

<400> 20 

acctggggga gtattgcgga ggaaggt 



<210> 21 

<211> 31 

<212> RNA 

<213> Artificial 



Sequence 



wo 2006/078660 



PCTAJS2006/001627 



6 



<220> 

<223> Description of Artificial Sequence: Synthetic 
aptamer motif sequence 

<400> 21 

ggaagagaug gcgacuaaaa cgacuugucg c 31 



<210> 22 
<211> 39 
<212> KNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic 
aptamer motif sequence 

<400> 22 

ucuagcaguu cagguaacca cguaagauac gggucuaga 39 



<210> 23 
<211> 84 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic 
aptamer motif sequence 

<220> 

<221> modif ied_base 
<222> (44) 

<223> a, c, g, u, unknown or other 

<220> 

<221> modif ied_base 
<222> (56) 

<223> a/ o, g, u, unknown or other 
<400> 23 

gggagcucag aauaaacgcu caacccgaca gaucggcaac gccnuguuuu cgacangaga 60 
caccgauccu gcaccaaagc uucc 84 



<210> 24 
<211> 65 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic 
aptamer motif sequence 

<400> 24 

gcagtctcgt cgacacccag cagcgcatgt aactcccata catgtgtgtg ctggatccga 60 
cgcag 65 



wo 2006/078660 



PCT/US2006/001627 



7 



<210> 25 

<211> 52 
<212> RNA 

<213> Artificial Secjuence 
<220> 

<223> Description of Artificial Sequence: Synthetic 
aptamer motif sequence 

<400> 25 

gggcacgagc gaagggcaua agcugacgaa agucagacaa gacauggugc cc 52 

<210> 26 
<211> 49 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequences Synthetic 
aptamer motif sequence 

<400> 26 

ggaacccaac uaggcguuug aggggauucg gccacgguaa caaccccuc 49 

<210> 27 

<211> 45 

<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic 
aptamer motif sequence 

<400> 27 

gggcauaagg uauuuaauuc cauacaaguu uacaagaaag augca 45 

<210> 28 
<211> 37 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic 
aptamer motif sequence 

<400> 28 

taaactaaat gtggagggtg ggacgggaag aagttta 37 

<;210> 29 
<211> 31 
<212> RNA 

<213> Artificial Sequence 
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8 



<220> 

<223> Description of Artificial Sequence: Synthetic 
aptamer motif sequence 



<400> 29 

ccggugcgca uaaccaccuc agugcgagca a 



31 



<210> 30 
<211> 108 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic 
aptamer motif sequence 

<400> 30 

9g9ci9aauuc cgaccagaag cuuugguugu cuuguacguu cacuguuacg auuguguuag 60 
guuuaacuac acuuugcaau cgcauaugug cgucuacaug gauccuca 108 

<210> 31 
<211> 41 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic 
aptamer motif sequence 



<210> 32 
<211> 40 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic 
aptamer motif sequence 

<400> 32 

uacagaaugg guugguaggc auaccuaauc gagaaugaua 40 

<210> 33 
<211> 113 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic 
aptamer motif sequence 



<400> 31 

gcggggttgg gcgggtgggt tcgctgggca gggggcgagt g 



41 
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9 

<400> 33 

ggagcucagc cuucacugca augggccgcu agguugaugu gcagugaagu cagcugaggc 60 
ccagggcuga aaggaucgcc cuccucgacu cguggcacca cggucggauc cac 113 

<210> 34 
<211> 45 
<212> RNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: Synthetic 
aptamer motif sequence 

<400> 34 

ggaucgcauu uggacuucug cccagggggc accacggucg gaucc 45 

<210> 35 
<211> 60 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequences Synthetic 
aptamer motif sequence 

<400> 35 

ggccuaaaac auaccagauu ucgaucugga gaggugaaga auucgaccac cuaggccggu 60 

<210> 36 
<211> 46 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic 
aptamer motif sequence 

<400> 36 

acgtgaatga tagacgtatg tcgagttgct gtgtgcggat gaacgt 46 

<210> 37 
<211> 107 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence; Synthetic 
aptamer motif sequence 

<400> 37 

gggagcugag aauaaacgcu caagggcaac gcgggcaccc cgacaggugc aaaaacgcac 60 
cgacgcccgg ccgaagaagg ggauucgaca ugaggcccgg auccggc 107 
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10 

<210> 38 
<211> 24 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic 
aptamer motif sequence 

<400> 38 

uccguuuuca gucgggaaaa acug 



<210> 39 
<211> 15 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic 
aptamer motif sequence 

<400> 39 

ggttggtgtg gttgg 



<210> 40 
<211> 23 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic 
aptamer motif sequence 

<400> 40 

gcgguaggaa gaauuggaag cgc 



<210> 41 
<211> 98 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic 
aptamer motif sequence 

<400> 41 

gggauauccu cgagacauaa gaaacaagau agauccugaa acuguuuuaa gguuggccga 60 
ucuucugcuc gagaaugcau gaagcguucc auauuuuu 98 



<210> 42 

<211> 37 

<212> DNA 

<213> Artificial 



Sequence 
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11 



<220> 

<223> Description of Artificial Sequence: Synthetic 
aptamer motif sequence 



<400> 42 

g99gcacgtt tatccgtccc tcctagtggc gtgcccc 



37 



<210> 43 
<211> 44 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic 
aptamer motif sequence 

<400> 43 

ggggcuauug ugacucagcg guucgacccc gcuuagcucc acca 44 



<210> 44 
<211> 39 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence; Synthetic 
aptamer motif sequence 



<210> 45 
<211> 96 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic 
aptamer motif seq[uence 

<400> 45 

ataccagctt attcaattag gcggtgcatt gtggttggta gtatacatga ggtttggttg 60 
agactagtcg caagatatag atagtaagtg caatct 96 



<210> 46 
<211> 28 
<212> laSTA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic 
aptamer motif sequence 



<400> 44 

ugacguccuu agaauugcgc auuccucaca caggaucuu 



39 



